METHOD, APPARATUS, AND COMPUTER PROGRAM PRODUCT FOR 
RADAR CROSSRANGE SUPERRESOLUTION 



BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention is related to target positioning systems, and more 
particularly, to a method, apparatus, and computer program product for improving the 
crossrange resolution of a target positioning system. 

5 

Description of Related Art 
Target positioning systems, such as radar devices, transmit scanning signals, 
such as electromagnetic or sonar signals, that advantageously reflect off objects and 
are received by the target positioning system to provide data related to the position of 

10 the object. Radar devices comprise an antenna that transmits and receives the radar 

signals. Signals received by the radar device provide target data such as distance 
from the radar device or size of the target. Some radar devices, such as a radar device 
used on an autonomous vehicle, rotate the antenna about an axis to produce target 
data at individual data collection intervals, also known as beam positions, in a 

15 crossrange direction. Advantageously, such radar devices rotate 360 degrees to 

provide panoramic target data. However, the crossrange resolution of such radar 
devices is limited. 

Radar antennas are defined by their elevation beamwidth and azimuth 
beamwidth. For a single beam position of an antenna, the elevation beamwidth is 

20 defined in the vertical plane of the antenna, and the azimuth beamwidth is orthogonal 

to the elevation beamwidth. The elevation beamwidth is typically greater than the 
azimuth beamwidth, an example being a radar having a 20 degree elevation 
beamwidth and a 1 .8 degree azimuth beamwidth. A target within the mainbeam, 
which is defined by the elevation and azimuth beamwidths of the radar device, will 

25 echo the radar signal such that target data is provided for that beam position. Real 

beam crossrange resolution is directly proportionate to azimuth beamwidth. Radar 
devices typically have much better range resolution, for determining a linear distance 
from the antenna to the target, than crossrange resolution, for determining the angular 
position of the target relative to the radar device. Therefore, a rotating antenna 

30 typically rotates in a direction along the azimuth beamwidth, which is also called the 
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crossrange beamwidth. Each beam position of the rotating antenna is separated by a 
step, which is the angular distance between the centers of the antenna mainbeams for 
two consecutive data collection intervals. 

Crossrange resolution of a radar device is typically defined by the azimuth 
5 beamwidth of the radar device because the radar device detects a target within the 

azimuth beamwidth but is unable to locate the target within that azimuth bin, which is 
the distance between the edges of the azimuth beamwidth at the location of the target. 
In other words, the rotating, or sweeping, antenna produces a single target data value 
for the azimuth beamwidth of each beam position, so if a target data value indicates 

10 the presence of a target, the radar device is unable to determine where the target is 

located within the azimuth bin. For a radar device with a 1 .8 degree azimuth 
beamwidth, at 100 meters from the radar device the beam position defines a 3 meter 
azimuth bin. In such a situation, the radar device is unable to determine where within 
the 3 meter azimuth bin the target is positioned. Accordingly, the crossrange 

1 5 resolution of a radar device is limited by the azimuth beamwidth. 

One method for improving the crossrange resolution of a radar device is by 
producing a synthetic aperture radar (SAR). An SAR improves crossrange resolution 
of a radar device by utilizing forward movement of the radar. The structure of the 
radar signals transmitted and received by the moving radar device changes as the 

20 radar device passes by a target, according to the Doppler effect. The frequency of the 

radar signal changes according to the speed that the radar device is moving; therefore, 
the changes in frequency of the target signals, relative to the speed of the radar device, 
allow a radar device to improve the crossrange resolution based upon the Doppler 
shift. However, such a solution is not available for radars that need to look forward, 

25 such as radar devices on autonomous vehicles that must accurately determine the 

angular position of targets in the path of the radar device to avoid such targets. 

A second solution for improving the crossrange resolution of a radar device is 
by reducing the azimuth beamwidth of the radar device. However, a relatively small 
beamwidth gives rise to additional concerns. By decreasing the azimuth beamwidth 

30 of a radar device, the step size of the radar device must be reduced accordingly to 

ensure that no gaps are created. between the beam positions. Reducing the step size 
decreases the frequency at which target data is provided. However, radar devices 
typically require that targets are scanned at a certain frequency, particularly on 
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moving autonomous vehicles, thus the antenna must sweep at a rate that provides 
timely target position data so that the autonomous vehicle can change its direction to 
avoid detected targets. Accordingly, the step size is advantageously increased 
because the larger the step size of the radar device, the faster the antenna rotates, thus 
providing target data with increased frequency. Therefore, a balancing of the width of 
the azimuth beamwidth and the size of the step provides target data with optimal 
crossrange resolution at a sufficient frequency; however, such optimized crossrange 
resolution may not provide sufficient target positioning for the particular application 
of the radar device. In addition, narrowing the azimuth beamwidth requires either the 
diameter of the antenna increase or the radio frequency used be increased. However, 
the diameter of the radar antenna is preferably minimized for typical radar 
applications, and the radio frequency available for radar devices is restricted; 
therefore, either alternative is limited. 

Therefore, a need exists for improving the crossrange resolution of a radar 
device for a more accurate determination of the angular position of the target. 
Advantageously, the improved crossrange resolution would be accomplished without 
reducing the frequency that target data is provided. 

BRIEF SUMMARY OF THE INVENTION 
Methods, apparatus, and computer program products are provided according 
to the present invention for determining the angular position of a target. By 
comparing the target data received in a crossrange direction in accordance with the 
present invention, the crossrange resolution of the radar device, or other target 
positioning system, is improved for more accurate determinations of target position in 
the crossrange direction. In addition, the crossrange resolution of the radar device is 
improved without reducing the frequency at which target data is provided. 

According to the present invention, the target is scanned with scanning signals 
at crossrange beam positions such that target data is received from a plurality of beam 
positions. Advantageously, a first beam position is determined, such as by processing 
circuitry, that has a first target data value that is greater than a second target data 
value at a second beam position preceding the first beam position and is greater than a 
third target data value of a third beam position following the first beam position. 
Advantageously, the three beam positions may be consecutive beam positions, with 
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the second beam position immediately preceding the first beam position and the third 
beam position immediately following the first beam position. 

A target data relationship is determined, such as by the processing circuitry, 
between at least two beam positions, such as the first, second, and third beam 
positions, to determine the angular position of the target relative to one beam position, 
such as the first beam position. Advantageously, the target data relationship is 
determined based upon a difference between the second target data value and the third 
target data value that is divided by the first target data value to define a normalized 
quotient. The normalized quotient is multiplied by a constant of the radar device to 
determine the angular position of the target relative to the first beam position, which 
is further used to determine the angular position of the target relative to the radar 
device. The constant is advantageously determined by calibrating the radar device by 
scanning a trial target at a known angular position relative to the radar device. 

Therefore, embodiments of the present invention improve the crossrange 
resolution of a radar device to provide more accurate determinations of the angular 
position of the target. Furthermore, embodiments of the present invention improve 
crossrange resolution of the radar device without adversely affecting the timeliness of 
target data received by the radar device. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
Having thus described the invention in general terms, reference will now be 
made to the accompanying drawings, which are not necessarily drawn to scale, and 
wherein: 

FIG. 1 is a top diagrammatic view of a radar device scanning targets in 
accordance with one embodiment of the present invention, wherein the step size is 
approximately half the azimuth beamwidth; 

FIG. 2 is a chart depicting target data values received by the radar device of 
FIG. 1 for each beam position, wherein the angular position of the center of each 
beam position is listed; and 

FIG. 3 is a flow chart illustrating steps to determine the angular position of a 
target with improved crossrange resolution of a radar device in accordance with one 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, the invention may be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will satisfy applicable 
legal requirements. Like numbers refer to like elements throughout. 

With reference to FIGS. 1-3, the determination of the angular position of one 
or more targets in accordance with one embodiment of the methods, apparatus, and 
computer program products of the present invention is illustrated. Embodiments of 
the present invention improve the crossrange resolution of a target positioning system 
to more accurately determine the angular position of a target. This improvement of 
the crossrange resolution is also described as crossrange superresolution. The 
embodiments of the invention described herein are utilized in conjunction with a radar 
device, such as the DS2000 77GHz Frequency Modulated Continuous Wave 
(FMCW) Radar manufactured by Navtech (Navtech DS2000). However, it should be 
appreciated that the other embodiments of the present invention may be utilized in 
conjunction with alternative radar devices and with other target positioning systems 
that transmit and receive scanning signals, such as electromagnetic signals, sonar 
signals, or the like. Non-limiting examples of alternative target positioning systems 
are laser radar devices, sonar devices, or the like. 

Moreover, the methods, apparatus, and computer program products of the 
present invention may be employed in various applications such as in conjunction 
with an autonomous vehicle in order to locate objects or obstacles, generally 
described herein as targets, that the vehicle should avoid. Because of the speeds at 
which the vehicle travels, the methods, apparatus, and computer program products of 
the present invention must provide timely target data with sufficient resolution to 
enable the vehicle to avoid the target. 

By way of example, the radar device 12 of FIG. 1, such as the Navtech 
DS2000, has an azimuth beamwidth of 1.8 degrees. The Navtech DS2000 sweeps at a 
frequency of 2.5 Hz with a sweep time of 1 millisecond wherein the sweep time 
defines the duration between steps. Therefore, the Navtech DS2000 defines a 
crossrange step of 0.9 degrees (2.5 cycles/second * 360 degrees/cycle * 0.001 second 
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= 0.9 degrees). Thus the step of the radar device 12, which is illustrated by the shorter 
arrow of FIG. 1, is half the beamwidth of the radar signal, which is illustrated by the 
longer arrow of FIG. 1. Therefore, not only do no gaps exist in the crossrange 
direction of the Navtech DS2000, but each sector between steps is scanned twice per 
5 revolution of the antenna. Each beam position of FIG. 1 is annotated with a number 1 

through 8 and each beamwidth comprises the sector immediately above and the sector 
immediately below the numbered line, such that the numbered line defines the center 
of the azimuth beamwidth, which is also the center of the azimuth bin. The numbered 
lines also define step lines, wherein step line 1 represents the first step from the 0 

10 degree reference line, step line 2 represents the second step, and so forth. It should be 

noted that the annotated beamwidths are not to scale, and that each beamwidth is 
illustrated with a unique hatch pattern. It should also be appreciated that the term 
"sector" used herein describes the area bounded by two step lines, such as the lines 
numbered 1 and 2, and the sector is not confined by an intercepted arc because the 

15 sector may be considered to extend indefinitely. 

FIG. 1 also illustrates two targets A and B represented as circles. Targets A 
and B may be of any size and shape and may be positioned at any location relative to 
the radar device or one another. As shown in FIG. 1, target A is located in the middle 
of beam position 3, such that the step line numbered 3 bisects the target A. Target B 

20 of FIG. 1 is located between step lines 6 and 7, slightly closer to step line 6 than step 

line 7. For discussion purposes, both Target A and B are considered to be 100 meters 
from the radar device 12; however, it should be appreciated that the targets requiring a 
determination of angular position may be located at any distance from the radar 
device at any point in time. A radar device having an azimuth beamwidth of 1 .8 

25 degrees defines an azimuth bin of approximately 3 meters at a distance of 100 meters 

([1.8 degrees / 57.3 degrees/radians] * 100 meters ~3 meters). A radar device using 
previous target positioning techniques would locate the target 100 meters to within a 
particular azimuth bin but would not be able to more accurately determine the angular 
position of the target within the 3 meter width of the azimuth bin. The methods, 

30 apparatus, and computer program products of the present invention provide an 

improved technique for determining the angular position of a target within an azimuth 
bin, as discussed hereinafter. 
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The sweeping of the radar device 12 of FIG. 1 produces a target data value for 
each of the beam positions. The radar device 12 of the illustrated embodiment may 
comprise a mechanically scanned antenna or an electrically scanned antenna. Further 
embodiments of the present invention may comprise alternative scanning techniques 
5 or devices for the various target positioning system. FIG. 2 is a chart representing 

exemplary target data values for each of the beam positions of FIG. 1 . The angular 
position of the center of each beam position is also indicated on the chart of FIG. 2. 
It should be appreciated that the 0 degree reference line above step line 1 represents 
an angular position of 0 degrees for purposes of this disclosure. Further embodiments 

10 of the present invention may define the 0 degree angular position at any direction 

relative to the radar device and may define beam positions and step sizes of any 
relative angular distance. It should also be appreciated that the target data values 
provided in FIG. 2 are representative only, and that further embodiments of the 
present invention may define alternative target data values or define alternative 

15 relative values for the target data values. Furthermore, target data values of further 

embodiments advantageously provide more precise target data values than the 0.1 
increments illustrated, with non-limiting examples including a target data value for 
beam position 1 to be 0.1376 and for beam position 2 to be 0.3997 and so forth. In 
addition, the target data value may be of any unit, such as volts, amps, watts, or the 

20 like, used by the target positioning system. 

Referring again to FIG. 1, prior art target positioning techniques would be 
able to determine that target A is located within beam position 3, and possibly in 
beam positions 2 or 4, but would be unable to more precisely determine the angular 
position of target A within beam position 3. Likewise, prior art target positioning 

25 techniques would be able to determine that one or more targets exist within beam 

positions 6 and 7, but would be unable to determine whether only one target is located 
in both beam positions or if one or more targets are located in each beam position. 
The methods, apparatus, and computer program products of the present invention 
allow the target positioning system to accurately determine the angular position of a 

30 target within an azimuth bin. 

After the target positioning system, such as a radar device, has scanned the 
target with scanning signals, such as radar signals, at crossrange beam positions such 
that target data is received from a plurality of beam positions. The methods, 
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apparatus, and computer program products of the present invention determine a target 
data relationship between at least two beam positions to determine the angular 
position of the target relative to one beam position. Advantageously, target data 
values are received from at least three beam positions, wherein the target data values 
5 are used to determine a first beam position to be used in determining the target data 

relationship. The illustrated embodiment determines the first beam position by 
comparing at least three consecutive beam positions; however, further embodiments 
of the present invention may determine the first beam position with at least three non- 
consecutive beam positions that are separated by additional beam positions. 
10 Advantageously, the at least three beam positions have a value above a threshold 

value, such as 0.3 for the illustrated embodiment, wherein the threshold value is 
representative of a possible target as opposed to noise or other interference. Further 
embodiments of the present invention may define alternative threshold values or no 
threshold value. 

15 The first beam position is determined by comparing the target data values of 

the at least three beam positions to determine the beam position with the largest target 
data value. The first beam position is then determined to be that beam position with 
the largest target data value such that the first target data value of the first beam 
position is greater than both a second target data value of a second beam position 

20 preceding the first beam position and a third target data value of a third beam position 

following the first beam position. Because the illustrated embodiment determines the 
first beam position by comparing at least three consecutive beam positions, the second 
beam position immediately precedes the first beam position and the third beam 
position immediately follows the first beam position. However, further embodiments 

25 of the present invention may comprise first, second, and third beam positions 

separated by any number of beam positions or may comprise additional beam 
positions, as noted above. 

For target A of FIGS. 1 and 2, the first beam position would be beam position 
3 because the target data value 0.9 of beam position 3 is greater than the target data 

30 values of 0.4 for each of the beam positions 2 and 4. Thus the second beam position 

would be beam position 2 and the third beam position would be beam position 4. 
Further embodiments of the present invention could define the second beam position 
as beam position 1 and the third beam position as beam position 5. Likewise, for 
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target B, the first beam position of the illustrated embodiment would be beam position 
6 because the target data value 0.8 of beam position 6 is greater than the target data 
values of 0.3 and 0.6 for the beam positions 5 and 7, respectively. Thus the second 
beam position would be beam position 5 and the third beam position would be beam 
5 position 7. Further embodiments of the present invention could define the second 

beam position as beam position 4 and the third beam position as beam position 8. 

By defining the first beam position as the beam position with the greatest 
target data value and the second and third beam positions as the beam positions 
preceding or following the first beam position, the methods, apparatus, and computer 

10 program products of the present invention recognizes that a target in one beam 

position may affect the target data value, such as by increasing the target data value, 
of neighboring beam positions. The largest target data value is presumably for the 
beam position wherein the target is located, which is the first beam position, and the 
relative values of the neighboring beam positions indicate where within the first beam 

15 position the target is located. 

Once the first beam position is determined, relative to the second and third 
beam positions, a target data relationship between the first, second, and third beam 
positions is determined to further define the angular position of the target within the 
first beam position. Advantageously, the target data value relationships are 

20 determined in accordance with one aspect of the present invention by processing 

circuitry such as a microprocessor, a computer, or other computing device. The target 
data relationship of the illustrated embodiment of the present invention is determined 
by subtracting the third target data value from the second target data value to 
determine a difference. Alternatively, the second target data value may be subtracted 

25 from the third target data value in further embodiments of the present invention to 

determine a difference. The difference is divided by the first target data value to 
determine a normalized quotient. The quotient is normalized because the division 
cancels the units, such as volts, amps, watts, or the like as described above, of the 
difference and first target data value, thus the quotient advantageously has no unit 

30 denomination. 

To determine the angular position of the target, the normalized quotient is 
multiplied by a constant of the radar device, or other target positioning system, to 
determine the angular position of the target relative to the first beam position. The 
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angular position of the target relative to the radar device is then determined by adding 
the angular position of the first beam position to the position of the target that has 
been determined relative to the first beam position. These additional processing steps 
are also typically performed by the processing circuitry. Further embodiments of the 
present invention may comprise alternative methods of determining the angular 
position of the target relative to the first beam position, such as the non-limiting 
example of determining the angular position of the target relative to the radar device 
using a baseline or other predetermined position, from which the angular position of 
the target relative to the first beam position may be determined. 

The constant that is multiplied by the normalized quotient is a predetermined 
value for the radar device that is used for all the beam positions of the radar device. 
The constant is advantageously determined by calibrating the radar device. 
Calibration may be performed by scanning a trial target at a known angular position 
relative to the radar device to determine the target data values for the beam positions 
that return a signal for the trial target. The first, second, and third beam positions are 
determined and the normalized quotient is then determined and compared to the 
known angular position of the trial target relative to the first beam position to 
determine the value of the constant. For example, a radar device having a trial target 
at 1 degree from a known beam position that provides the greatest target data value 
such that the first, second, and third beam positions will produce a normalized 
quotient that may be divided into the known value of 1 degree to determine the value 
of the constant. The value of the constant may be optimized using an optimization 
technique or may define a variable value in alternative embodiments of the present 
invention. Further embodiments of the present invention may determine the value of 
the constant by alternative techniques and may determine the target data relationship 
by alternative methods. For the illustrated embodiment, wherein the third target data 
value is subtracted from the second target data value to determine the difference, the 
value for the constant is -0.8 degrees. It should be appreciated that if the second 
target data value is subtracted from the third target data value to determine the 
difference, for the illustrated embodiment, the value for the constant is 0.8 degrees. 
Further embodiments of the present invention may have any value for the constant. 

Referring again to target A of FIGS. 1 and 2, beam position 3 is the first beam 
position, and beam positions 2 and 4 are the second and third beam positions, 
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respectively, as discussed above. The difference is determined by subtracting the 
third target data value (0.4) from the second target data value (0.4) to define a 
difference of 0. Dividing the difference with the first target data value (0.9) provides 
a normalized quotient of 0, which when multiplied by the constant -0.8 degrees 
5 provides a value of 0 degrees. Therefore, the target A is 0 degrees from the centerline 

of beam position 3, which is at 2.7 degrees, as shown in FIG. 2. Accordingly, the 
angular position of the target A relative to the radar device is 2.7 degrees. 

Likewise, for target B of FIGS, 1 and 2, beam position 6 is the first beam 
position, and beam positions 5 and 7 are the second and third beam positions, 

10 respectively, as discussed above. The difference is determined by subtracting the 

third target data value (0.6) from the second target data value (0.3) to define a 
difference of -0.3. Dividing the difference with the first target data value (0.8) 
provides a normalized quotient of -0.375, which when multiplied by the constant -0.8 
degrees provides a value of 0.3 degrees. Therefore, the target B is 0.3 degrees from 

15 the centerline of beam position 6, which is at 5.4 degrees, as shown in FIG. 2. 

Accordingly, the angular position of the target B relative to the radar device is 5.7 
degrees. 

The methods, apparatus, and computer program products of the present 
invention may also comprise algorithms to optimize the determined angular positions 

20 to provide still further accuracy for the radar device. During the calibration procedure 

described above, the target data values may be curve-fitted, may undergo a 
deconvolution process, or may be optimized in similar fashions. By curve-fitting the 
target data values for the known trial target, the same curve-fitting algorithm may be 
used during use of the radar device to more accurately determine the angular position 

25 of the target. Accordingly, determining the target data relationship comprises curve- 

fitting the target data values to determine the angular position of the target. Further 
embodiments of the present invention comprise alternative optimization techniques. 

The present invention has been found to provide approximately an order of 
magnitude improvement in the crossrange resolution of the radar device, thus 

30 providing crossrange superresolution. For a radar device such as the Navtech DS2000 

described above, the methods, apparatus, and computer program products of the 
present invention have been found to improve the crossrange resolution from the 3 
meter azimuth bin at 100 meters to twelve individual 0.25 meter bins. Furthermore, 
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the crossrange resolution was improved without reducing the frequency at which 
target data is received. Still further crossrange superresolution is possible; however, it 
should be appreciated that crossrange superresolution is limited by other variables of 
target positioning systems, such as the signal to noise (SNR) ratio to list one non- 
5 limiting example. 

FIG. 3 is a flow chart illustrating steps 20 through 30 for determining the 
angular position of a target with improved crossrange resolution of a target 
positioning system according to one embodiment of the present invention. Step 20 
comprises scanning the target with scanning signals at crossrange beam positions to 

10 receive target data from at least three beam positions. Step 22 comprises determining 

a first beam position with a first target data value, second beam position with a second 
target data value, and third beam position with a third target data value, wherein the 
first target data value is greater than either the second or third target data value. 
Furthermore step 24 comprises determining a difference between the second target 

15 data value and the third target data value. Step 26 comprises dividing the difference 

by the first target data value to determine a normalized quotient. Step 28 comprises 
multiplying the normalized quotient by a constant of the radar device to determine the 
angular position of the target relative to the first beam position. Finally, step 30 
comprises adding the angular position of the first beam position to the determined 

20 angular position of the target relative to the first beam position to determine the 

angular position of the target relative to the radar device. Further embodiments of the 
present invention may comprise additional steps, fewer steps, and/or alternative steps 
to determine an angular position of a target. 

The measurements, determinations, calculations, and other actions provided 

25 by the present invention are advantageously performed by an apparatus with 

processing circuitry, such as a processor or other computing device. Such processor 
or other computing device advantageously actuates the target positioning system to 
scan the target with scanning signals and determines the target data relationship to 
determine the angular position of the target relative to the target positioning system. 

30 The various methods of the present invention are generally implemented by a 

computer program product that may direct the operation of the processing circuitry. 
This computer program product includes a computer-readable storage medium, such 
as a non- volatile storage medium, and computer-readable program code portions, such 
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as a series of computer instructions, embodied in the computer-readable storage 
medium. Further implementations of the present invention may be performed by 
alternative devices. 

It will be understood that each step 20 to 30 of the flowchart can be 
implemented by or with computer program instructions. These computer program 
instructions may be loaded onto processing circuitry, such as on a computer or other 
programmable apparatus to perform the functions of the present invention, such that 
the instructions which execute on the computer or other programmable apparatus 
create means for implementing the functions specified in the flowchart blocks or 
steps. These computer program instructions may also be stored in a computer- 
readable memory that can direct a computer or other programmable apparatus to 
function in a particular manner, such that the instructions stored in the computer- 
readable memory perform the measurements, determinations, and actions illustrated 
in the flowchart blocks or steps. The computer program instructions may also be 
loaded onto a computer or other programmable apparatus to cause a series of 
operational steps to be performed on the computer or other programmable apparatus 
to produce a computer implemented process such that the instructions which execute 
on the computer or other programmable apparatus provide steps for implementing the 
functions specified in the flowchart blocks or steps. 

Accordingly, blocks or steps of the flowchart of FIG. 3 support combinations 
of means for performing the specified functions, combinations of steps for performing 
the specified functions, and program instruction means for performing the specified 
functions. It will also be understood that each block or step of the flowchart, and 
combinations of blocks or steps in the flowchart, can be implemented by special 
purpose hardware-based computer systems that perform the specified functions or 
steps, or combinations of special purpose hardware and computer instructions. 

Many modifications and other embodiments of the invention set forth herein 
will come to mind to one skilled in the art to which the invention pertains having the 
benefit of the teachings presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention is not to be limited to 
the specific embodiments disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended claims. Although specific 
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terms are employed herein, they are used in a generic and descriptive sense only and 
not for purposes of limitation. 
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